Introduction
Rat one-cell embryos obtained after fertilization in vitro (Toyoda and Chang, 1974) or in vivo (Mayer and Fritz, 1974) show a complete developmental block at the two-cell to four-cell stage in conventional culture systems. The develop¬ mental block in vitro was reported in bovine embryos at the eight-cell to 16-cell stage (Thibault, 1966) , pig embryos at the four-cell stage (Davis and Day, 1978) , hamster embryos at the two-cell to four-cell stage (Yanagimachi and Chang, 1964; Whittingham and Bavister, 1974) and embryos of outbred strains of mice at the two-cell stage (Cross and Brinster, 1973; Goddard and Pratt, 1983; Biggers, 1987) .
However, some studies reported that some chemically semidefined or defined media can support the development of embryos in these species to the blastocyst stage with various degrees of success (Menino and Wright, 1982; Chatot et al, 1989 Chatot et al, , 1990a Kishi et al, 1991; McKiernan et al, 1991;  Pinyopummintr and Bavister, 1991; Brown and Whittingham, 1992; Kim et al, 1993; Ouhibi et al, 1994) .
In a previous study, we found that rat one-cell embryos developed consistently to the blastocyst stage in a chemically defined medium but that addition of > 10 pmol phosphate 1~c ompletely blocked development beyond the two-cell stage. Glucose did not block embryonic development and the os¬ molarity of the medium appeared to be an important factor (Miyoshi et al, 1994) . The osmolarity of the medium was varied by adjusting the concentration of NaCl added, but it was unclear whether osmolarity or NaCl concentration was affect¬ ing the development of rat one-cell embryos. The present study was conducted to address this question. The effect of amino acids was also examined, since their presence is benefi¬ cial for the development of hamster (McKiernan et al, 1991) and bovine (Kim et al, 1993) (95) 38 (86) 35 (80) (98) 38 (86) 33 (75) Biggers, 1991a, b; Biggers et al, 1993) and two-cell (Van Winkle et al, 1990) embryos to the blastocyst stage, the results of the present study suggest that the osmolarity, and not the NaCl concentration, is responsible for maintaining the development of rat one-cell embryos. Even in RlECM with a reduced concentration of NaCl (63.8 mmol 1~* ), the developmental ability of embryos was greatly affected by the different osmolarities resulting from the addi¬ tion of D-sorbitol in the absence of amino acids; the highest proportion (60%) of blastocyst-stage embryos was obtained at 246 mosmol as suggested in the previous study (Miyoshi et al, 1994 ). This effect is unlikely to be due to any specific effect of D-sorbitol, which is used effectively to adjust the osmolarity of the culture medium for pig embryos. Sorbitol is not metabo¬ lized by embryos and has no detrimental effect on embryonic development (Beckmann and Day, 1993) . The optimal osmo¬ larity of the medium for early embryonic development is species specific and depends on the developmental stages of the embryos. For example, development of rabbit two-cell embryos occurs at 230-339 mosmol (Naglee et al, 1969) and the possible development of hamster two-cell and eight-cell embryos has also been reported over a wide range of osmo¬ larities, 250-325 mosmol (McKiernan and Bavister, 1990 ) and 225-300 mosmol (Bavister et al, 1983) , respectively. Although more limited ranges of osmolarity are reported for the optimal development of mouse one-cell (250-280 mosmol: Whitten, 1971 ) and two-cell (272-280 mosmol: Biggers and Brinster, 1965; Brinster, 1965) embryos, it seems that rat one-cell embryos are extremely sensitive to the osmolarity of the culture medium, showing optimal development at about 244-246 mosmol (Miyoshi et al, 1994 ; the present study).
Amino acids improve the development of mouse (Mehta and Kiessling, 1990; Gardner and Lane, 1993) , rabbit (Kane and Foote, 1970) , hamster (Bavister et al, 1983; Carney and Bavister, 1987; McKiernan et al, 1991) , bovine (Kim et al, 1993) and sheep (Gardner et al., 1994) embryos in vitro, and are beneficial for the development of eight-cell rat embryos to the blastocyst stage (Zhang and Armstrong, 1990 (Whittingham, 1975) , this is the first report that describes hatching of rat blastocysts in a chemically defined, protein-free medium in vitro.
The mechanism by which amino acids improve embryo development is not well understood. Certain amino acids can act as protectant osmolytes to embryos in vitro (Van Winkle et al, 1990) . However, the size of the total amino acid pool in mouse embryos changes significantly between the eight-cell and blastocyst stages (Schultz et al, 1981) , at which time there is a substantial increase in de novo protein synthesis (Schiffner and Spielmann, 1976; Braude, 1979; Schultz el al, 1979) . In contrast, the protein content of rat embryos in vivo does not increase between the morula and late blastocyst stages (Schiffner and Spielmann, 1976 (Wales and Whittingham, 1967, 1973) and in vitro (Brinster, 1969; Wales and Whittingham, 1970 (Carney and Bavister, 1987; Chatot et al, 1989 Chatot et al, , 1990b Petters el al, 1990; Rieger et al, 1992 
